Complement activation has been described in many of the mononuclear cells (PBMC) and enhances TNF-a and IL-1b synthesis in lipopolysaccharide (LPS)-stimulated PBMC [11] . clinical conditions associated with cytokine synthesis, including sepsis [1 -4] . In sepsis, activation of the complement casWe have recently established that C3a and C3a desArg modulate gene expression and protein synthesis for TNF-a and IL-1b cade leads to elevated plasma levels of the anaphylatoxins C5a and C3a. C5a and C3a are rapidly converted by serum in LPS-stimulated PBMC [12] . IL-6 has been implicated in the pathogenesis of sepsis [13] . carboxypeptidase N into C5a desArg and C3a desArg [5] , products generally regarded as biologically inactive. Interestingly, susLike TNF-a and IL-1, IL-6 is a multifunctional cytokine produced mainly by monocytes and macrophages. IL-6 is an entained elevated plasma levels of C3a and C3a desArg in patients with sepsis correlate with the risk of adult respiratory distress dogenous pyrogen, promotes B cell maturation and immunoglobulin synthesis, activates T cells, stimulates hematopoiesis, syndrome and multiple organ failure [2, 3] and with mortality [6] . On the other hand, tumor necrosis factor (TNF)-a and and induces the synthesis of acute-phase proteins [14] . Several investigators have reported that plasma levels of IL-6 are eleinterleukin (IL)-1 are considered to be critical mediators of the cellular and hemodynamic changes during sepsis [7, 8] . The vated in patients with sepsis and that increased IL-6 levels correlate with mortality [6, 13] . Of significance, IL-6 plasma importance of TNF-a and IL-1 in sepsis is best illustrated by the wide spectrum of their biologic activities, including synthelevels in patients with sepsis correlate closely with increased C3a levels [6] . Although both C3a and IL-6 have been implisis of nitric oxide [9] , a vasorelaxant; synthesis of IL-8, a potent chemoattractant for neutrophils; and expression of adhesion cated as prognostic indicators in sepsis, the effect of C3a on IL-6 synthesis remains to be elucidated. We investigated molecules by inflammatory leukocytes and endothelial cells [10] . Of importance, activation of the complement cascade whether C3a and C3a desArg modulate IL-6 gene expression and protein synthesis in human PBMC stimulated with LPS. affects cytokine synthesis and is important for coupling the innate with the acquired immune response. C5a induces gene expression for TNF-a and IL-1b in human peripheral blood
Materials and Methods
Preparation of human C3a and C3a desArg . C3a and C3a desArg were purified from zymosan-activated human plasma as de-sistent with the compositions previously reported [15] . Our ated and secreted) IL-6 synthesis was quantitated by a specific RIA. The sensitivity of the assay (defined as the limit of detecpurified C3a desArg had 10 arginine residues, whereas C3a had 11. Schuell, Keene, NH). After being exposed to UV light (360 nm) for 5 min, membranes were incubated for 2 h at 42ЊC in prehybrid-NY). PBMC (1.5 1 10 6 cells in 600 mL of medium/tube or well) were incubated with or without LPS (250 pg/mL) from ization solution and then hybridized at 42ЊC overnight with 32 Plabeled nucleic acid probes. The probes used were a purified 690-Escherichia coli O127:B8 (Sigma) in the absence or presence of C3a or C3a desArg for 24 h at 37ЊC in a humidified atmosphere bp EcoRI-XbaI fragment of human IL-6 cDNA subcloned in pMT2T and a 661-bp fragment of human b-actin cDNA generated containing 5% CO 2 .
PBMC cultures were incubated in 12 1 75 mm polypropylby polymerase chain reaction [17] . DNA was labeled with [ . After incubation, membranes were washed with 0.1% plates (Becton Dickinson) as adherent cells. In the adherent cell culture group, the coexisting nonadherent cells were not SDS and 11 standard saline citrate at 42ЊC and then exposed to radiographic film (XAR5; Kodak, Rochester, NY) at 070ЊC with removed, so that the cell composition would be identical to the nonadherent cell culture group. All incubations were done an intensifying screen (DuPont NEN). IL-6 mRNA levels were quantified and standardized to b-actin mRNA levels with a laser in the presence of 0.5 mg/mL indomethacin (Merck, West Point, PA) to avoid the possible effect of prostaglandin E 2 produced densitometer (LKB 2222-020; Pharmacia, Bromma, Sweden). IL-6 mRNA steady-state analysis. PBMC (1.5 1 10 6 in by monocytes stimulated with C3a [16] .
RIA for IL-6. Cultures were subjected to three freeze-thaw 600 mL of media) were aliquoted in polypropylene tubes and stimulated with LPS (250 pg/mL) in the presence or absence cycles, alternating between 080ЊC and 37ЊC. Total (cell-associ- Figure 1 . Effect of C3a and C3a desArg on lipopolysaccharide (LPS)-induced IL-6 synthesis in nonadherent PBMC. PBMC were stimulated for 24 h with LPS (250 pg/mL) in absence or presence of C3a or C3a desArg (0.1 -10 mg/mL) in polypropylene tubes. Differences in IL-6 synthesis were analyzed for significance by analysis of variance (** P õ .01; *** P õ .001). Data are mean { SE for 7 donors.
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04-08-98 11:05:20 jinfa UC: J Infect of C3a or C3a desArg (5 mg/mL). Cells were treated with actinomycin D (10 mg/mL) 6 h after LPS stimulation. Cells were harvested, and total RNA was isolated at 0, 1, 2, and 3 h after addition of actinomycin D, followed by dotting onto nylon membranes by use of a microsample filtration manifold (Schleicher & Schuell). After being exposed to UV light (360 nm) for 5 min, membranes were incubated for 2 h at 42ЊC in prehybridization solution and then hybridized at 42ЊC overnight with 32 P-labeled nucleic acid probes. IL-6 and b-actin probes were prepared as described above for Northern analysis. IL-6 mRNA half-lives were determined by regression analyses.
Statistical analysis. Data were expressed as mean { SE of the indicated numbers of experiments. Differences between C3a-or C3a desArg -treated groups and RPMI-treated groups were analyzed for significance by two-way analysis of variance (StatView; BrainPower, Calabasas, CA).
Results
C3a and C3a desArg inhibit IL-6 synthesis in LPS-stimulated nonadherent PBMC. Unstimulated, nonadherent PBMC synthesized small amounts of IL-6 (õ62 pg/mL; n Å 7). C3a or C3a desArg (0.1 -10 mg/mL) did not increase IL-6 protein levels in nonadherent PBMC (õ52 pg/mL; n Å 7). As shown in figure 1 , nonadherent PBMC stimulated with 250 pg/mL LPS produced 2.05 { 0.23 ng/mL IL-6 (n Å 7). C3a inhibited LPSinduced IL-6 production in a dose-dependent fashion. Suppression of IL-6 synthesis (20% decrease; P õ .01) was observed at a C3a concentration as low as 0.5 mg/mL. C3a desArg also lation of IL-6 synthesis by C3a and C3a desArg occurs at the gene expression level, IL-6 and b-actin mRNA levels were analyzed by Northern blot. After 6 h of culture, C3a decreased LPS-24 h compared with levels in cells stimulated with LPS alone (figure 3). induced IL-6 mRNA levels by 59% at 1 mg/mL and 81% at 10 mg/mL (figure 2A). Comparable to C3a, C3a desArg reduced Effect of C3a and C3a desArg on the stability of IL-6 mRNA in LPS-stimulated nonadherent PBMC. To elucidate whether LPS-induced IL-6 mRNA levels by 55% at 1 mg/mL and 63% at 10 mg/mL (figure 2B). C3a or C3a desArg at 0.1 mg/mL did C3a and C3a desArg suppress IL-6 mRNA steady-state levels in LPS-stimulated PBMC by decreasing IL-6 mRNA stability, not affect IL-6 mRNA accumulation in LPS-stimulated PBMC. Neither unstimulated PBMC nor PBMC stimulated with C3a actinomycin D was added to PBMC cultures 6 h after exposure to LPS. Untreated and C3a-or C3a desArg -treated cells were then or C3a desArg alone expressed detectable levels of IL-6 mRNA (figure 2). incubated for 1, 2, and 3 h. Exponential regression analyses indicated that neither C3a nor C3a desArg changed the half-life IL-6 mRNA reached peak levels within the first 6 h after LPS stimulation (figure 3). In C3a-treated PBMC, LPS-induced of IL-6 mRNA in LPS-stimulated PBMC (figure 4). IL-6 mRNA half-life was 2.1 h in the absence of C3 derivatives, IL-6 mRNA levels were decreased by 39% -73% at 3, 6, and 12 h compared with levels in PBMC stimulated with LPS alone.
2.4 h in the presence of C3a, and 2.2 h in the presence of C3a desArg . These results suggest that C3 derivatives suppress Supernatants from these same cell cultures were analyzed for IL-6 protein levels. In the presence of C3a, LPS-induced IL-6 IL-6 mRNA levels in LPS-stimulated PBMC at the level of gene transcription. protein levels were decreased by 35% -51% at 6, 12, and / 9d46$$ju24 04-08-98 11:05:20 jinfa UC: J Infect
C3a and C3a desArg enhance protein and mRNA levels for IL-6 in LPS-stimulated adherent PBMC. We next investigated whether C3a and C3a desArg preparations could enhance IL-6 gene expression and protein synthesis in adherent PBMC. Unstimulated PBMC or PBMC stimulated with C3a or C3a desArg (0.5 -20 mg/mL) alone did not synthesize significant levels of IL-6 (õ81 pg/mL; n Å 7). Even when PBMC were preincubated for 2 h in polystyrene plates to allow adherence, subsequent exposure to C3a for 24 h did not modify basal IL-6 levels (õ88 pg/mL; n Å 7).
As shown in figure 5 , PBMC stimulated with 250 pg/mL LPS synthesized 2.74 { 0.41 ng/mL IL-6 (n Å 7). Both C3a and C3a desArg enhanced LPS-induced IL-6 synthesis. Enhancement of IL-6 was observed at C3a or C3a desArg concentrations of 5 mg/mL (78% increase by C3a, P õ .001; 63% increase by C3a desArg , P õ .01). C3a and C3a desArg at 20 mg/mL increased stimulated with LPS alone. Unstimulated PBMC and PBMC stimulated with C3a alone did not express detectable levels of IL-6 mRNA. In a similar experiment, C3a desArg at 10 mg/mL increased LPS-induced IL-6 mRNA levels by 82% at 6 h and increased IL-6 protein levels by 108% at 24 h (data not shown). IL-6 mRNA was not detected in PBMC stimulated with C3a desArg alone (data not shown).
Discussion
In these studies, we have demonstrated that C3a and C3a desArg modulate IL-6 synthesis in LPS-stimulated human mononuclear cells. Regulation of IL-6 synthesis depended on the status of cell activation. C3a enhanced LPS-induced IL-6 gene expression and protein synthesis in adherent PBMC. However, in nonadherent PBMC, C3a suppressed IL-6 protein synthesis and gene expression. The mechanism by which C3a differentially regulates IL-6 synthesis remains unknown. We have shown that C3a alone fails to induce IL-6 transcriptional activa- ential effects of C3a on IL-6 gene expression would reflect levels [20, 21] . However, the regulation of LPS-induced IL-6 synthesis by cAMP-increasing agents remains a controversial qualitative changes brought by adherence to the transcriptional machinery triggered by LPS.
issue [22 -25] . Under our experimental conditions, indomethacin, an inhibitor of cyclooxygenase, modified neither LPS-inC3a induces the production of prostaglandin E 2 in human monocytes and macrophages [16] . Prostaglandin E 2 stimulates duced IL-6 synthesis nor the regulatory effects of C3a on IL-6 synthesis in nonadherent or adherent PBMC, ruling out a adenylate cyclase activity, leading to an increase in cAMP possible contribution of prostaglandins to the C3a-mediated modulation of IL-6 synthesis in LPS-stimulated PBMC (data not shown). Like C3a, C3a desArg differentially regulated LPS-induced IL-6 synthesis, suggesting that the regulatory effects of C3a on IL-6 synthesis do not involve the C3a receptor recently cloned [26] . C3a desArg does not share the biologic activities of C3a thought to be mediated through the C3a receptor [16, 27 -29] [12] , and human B cells [34] . Both C3a desArg and C3a, highly cationic molecules, bind membrane anionic residues, including heparin and sialic acid, leading to cell activation [35] . As this effect simply depends on the net positive charge of the molecule, it would explain why C3a desArg is as effective as C3a in triggering some of their shared biologic activities.
Plasma levels of C3a and C3a desArg remain elevated or increase during the course of sepsis, particularly in patients who have sequelae, such as adult respiratory distress syndrome and [2, 3] . Of interest, the mortality of septic IL-6 mRNA levels in adherent PBMC. PBMC were incubated for 6 and 24 h with (/) or without (0) LPS (250 pg/mL) in absence (0) patients increases as the C3a plasma levels rise [6] . In addition, or presence (/) of C3a (10 mg/mL) in polystyrene plates. mRNA plasma IL-6 levels on admission are elevated in patients with levels for IL-6 and b-actin were analyzed by Northern blotting (botsepsis [6, 13] , and a positive correlation between plasma levels tom). Membrane was hybridized with the IL-6 probe first, and subsefor IL-6 and C3a is observed [6] . However, IL-6 levels decrease quently with b-actin probe. IL-6 protein levels from PBMC cultures during the observation period in most patients, and the decrease at corresponding time points were assessed by RIA (top). Shown is 1 experiment representative of results from 3 donors.
in IL-6 levels is remarkable in patients who eventually die [6] .
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